OPTICAL DISK, METHOD FOR RECORDING AND REPRODUCING 

ADDITIONAi INFORMATION TO AND FROM OPTICAL DISK, REPRODUCING 

APPARATUS FOR OPTICAL DISK, AND RECORDING AND REPRODUCING 
APPARATUS FOR OPTICAL DISK 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to an optical 
information recording medium such as an optical disk on 
which information can be recorded, reproduced or erased, a 
recording and reproducing method and a recording and 
reproducing apparatus therefor. 

DESCRIPTION OF PRIOR ART 

^RocciiLlv f as ^^^loctronic rompnters ao^^ i*fta:^^ 

processing systems are developed, an amount of information 
data to be progressed and image processing speed are 
increased rapi^y, and audio and visual data are digitalized. 
Then, an a;k2xiliary storage device, which is not expensive, 
has a L^ge capacity and can be accessed at a high speed, 
and ar recording medium therefor, especially an optical disk, 
b-iz!t:uiiie populai lapieli^. 

A basic structure of a prior art magneto-optica] 
disk, as an example of an optical disk, is as follows. A 
recording layer is formed via a dielectric layer on a disk 



substrate. Further, an intermediate dielectric layer and a 
reflection layer are formed on the recording layer 
successively, and an overcoat layer is formed thereon. 
Recording and erasing of information are performed with 
illumination of a laser beam to increase the temperature of 
the recording layer so as to change its magnetization, while 
reproduction of recorded signals is performed with 
illumination of a laser beam onto the recording layer by 
detecting rotation in polarization plane as a change in 
optical intensity due to the magneto-optical effect. 

J^ei? — optirni fiisVfi — &j*eh^ — ecs — WB-^GM,^ DVD- RAM — &ffd 

DVD-R, information is forme^a as uneven pits on a substrate 
or two optically differ^s^t states of the recording layer 
made of a phase-cha]?ge material or an organic, material. 
Further, a reflecti^bn layer and an overcoat layer are formed 
thereon. ThejaG a reproduction signal is detected as a 
difference Izfetween two states in the intensity of reflecting 
light duj^ to the existence of a pit or due to structural or 
chemp^^^l change when the disk is illuminated with a laser 

For an optical disk, protection management of disk 
information is required to use additional information which 
can be used for copyright protection such as prohibition of 
copy or prevention of illegal use of a software. In the 
above-mentioned optical disks, it is possible to record disk 
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information in the TOC (table of contents) area or the like 
which is a recording area for control data. However, when 
the disk information is recorded with prepits, it is managed 
for each stamper. Therefore it is a problem that the disk 
5 information cannot be managed for each user. 

V ^ rFtTrther; whei^'intormatibH tis — Jiecoided — wi-^±i — sa? 

magnetic film or a Jfe^iin film made of a phase change material, 
the additiona;^^ Information can be changed or rewritten 
illegallvx^asily . Therefore protection management for 
copyr>i^ht of the contents in an optical disk or the like is 
■ oiblo ^ 

Further, when additional information is recorded 
with an irreversible recording technique, if it can be 
reproduced and outputted from the recording and reproducing 
15 apparatus, the additional information can be interpolated or 
processed. Therefore the management of main information 
becomes insufficient and that an illegal work may not be 
prevented. 

2 0 SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an optical disk which can be used for copyright protection 
such as inhibition of copy or prevention of illegal use of a 
software . 

25 Another object of the present invention is to 



provide a recording and reproduction method which can be 
used for copyright protection for an optical disk. 

A further object of the present invention is to 
provide a reproducing apparatus, a recording apparatus and a 
recording and reproducing apparatus which can be used for 
copyright protection for the optical disk. 

In one aspect of the invention, an optical disk 
according to the invention has a recording layer for 
recording information, and the recording layer disk 
comprises a first recording area for recording contents data 
and data for recording and reproducing the contents data, 
and a second recording area for recording secondary data on 
the contents recorded in the first recording area, the 
secondary data being recorded as stripe marks longer in 
radial direction. The second recording area comprises a 
first section for recording control data on the second 
recording area, a second section for recording data not to 
be inhibited to be outputted from a recording and 
reproducing apparatus for the optical disk, and a third 
section for recording data to be inhibited to be outputted 
from the recording and reproducing apparatus for the optical 
disk. Further, the control data recorded in the first 
section includes an identifier which shows whether the 
second recording area includes the third section or not. 
The data recorded in the second recording area are recorded. 



for example, as a plurality of data arrays arranged in the 
circumferential direction of the optical disk. According to 
the optical disk, the secondary data can be used for 
copyright protection such as prevention of illegal copy and 
of illegal use of software. 

In a second aspect of the invention, a method 
reproducing contents from the above-mentioned disk comprises 
the steps of reproducing data from the second recording area 
before reproducing data from the first recording area, 
deciding, based on control data included in data reproduced 
from the second recording area, whether the data reproduced 
from the second recording area include data to be inhibited 
to be outputted from a recording and reproducing apparatus 
for the optical disk to the external, and processing the 
data to be inhibited to be outputted only in the a recording 
and reproducing apparatus when the data reproduced from the 
second recording area are determined to include the data to 
be inhibited to be outputted, without outputting the data to 
be inhibited to be outputted. 

In a third aspect of the invention, an apparatus 
for reproducing contents from the above-mentioned optical 
disk comprises an optical head which reproduces information 
from the optical disk with an optical spot, a first 
reproducing section which reproduces data with the optical 
head from the first recording area, and a second reproducing 



section which reproduces data with the optical head from the 
second recording area. When data to be inhibited to be 
outputted are recorded in the second recording area, the 
second reproducing section processes the data only therein. 

In a fourth aspect of the invention, an apparatus 
for reproducing contents from the above-mentioned optical 
disk comprises an optical head which reproduces information 
from the optical disk with an optical spot, a first 
reproducing section which reproduces data with the optical 
head from the first recording area, and a second reproducing 
section which reproduces data with the optical head from the 
second recording area. When the second reproducing section 
generates information signals based on data to be inhibited 
to be outputted recorded in the second recording area, and 
the first reproducing section superposes the information 
signals to signals reproduced from the first recording area 
and outputs the superposed signals . 

In a fifth aspect of the invention, a recording 
and reproducing apparatus for recording contents from the 
above-mentioned optical disk comprises a generator which 
generates information signals based on data inherent to the 
optical disk, recorded in the second recording area and 
inhibited to be outputted from the recording apparatus, and 
a recorder which superposes the generated information 
signals with predetermined signals and records the 
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superposed signals to the first recording area or add them 
to the second recording area* 

In a sixth aspect of the invention, a recording 
apparatus for recording contents to the above-mentioned 
5 optical disk comprises a cipher device which ciphers the 
contents based on data including information inherent to a 
disk, the information having been recorded in the second 
recording area, and a recording section which records the 
contents ciphered by the cipher device in the first 

10 recording area in the optical disk. 

In a seventh aspect of the invention, a 
reproducing apparatus for reproducing contents from the 
above-mentioned optical disk comprises an optical head which 
reproduces information from the optical disk with an optical 

15 spot, a first reproducing section which reproduces data 

with the optical head from the first recording, area, and a 
second reproducing section which reproduces data with the 
optical head from the second recording area. The the first 
reproducing section decodes the ciphered contents data by 

20 using the disk identification reproduced by the second 
reproducing section . 

In an eighth aspect of the invention, a 
reproducing apparatus for reproducing contents from the 
above-mentioned optical disk having the secondary data 

2 5 including a disk identification inherent to each optical 
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disk comprises an optical head which reproduces information 
from the optical disk with an optical spot, a first 
reproducing section which reproduces data with the optical 
head from the first recording area, and a second reproducing 
section which reproduces data with the optical head from the 
second recording area. The second reproducing section 
comprises a device which suppresses high frequency 
components with cut-off frequency of 1.2 MHz PE-RZ decoder 
and decodes the secondary data after suppressing high 
frequency components by the device. 

An advantage of the present invention is that by 
using additional data recorded in the second recording area 
in an optical disk, contents recorded in the first recording 
area can be protected strongly. 



BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the 
present invention will become clear from the following 
description taken in conjunction with the preferred 
embodiments thereof with reference to the accompanying 
drawings, and in which: 

Figs. lA, IB and IC are a plan view of an optical 
disk of an embodiment of the invention, a diagram of control 
data and a diagram of waveforms of signals on recording and 
on reproduction, respectively; 



Figs. 2A and 2B are diagrams of physical format of 
additional information in an optical disk; 

Figs. 3A and 3B are a sectional view of a magneto- 
optical disk of an embodiment of the invention and a diagram 
of a waveform of signals on recording and on reproduction; 

Fig- 4 is a schematic plan view of a magneto- 
optical disk using magnetic super-resolution and a diagram 
of reproduced signals; 

Fig. 5A is a block diagram of a recording 
apparatus for additional information in the embodiment of 
the invention, and Fig. 5B is a perspective view of a laser 
section of the recording apparatus for additional 
information; 

Fig. 6 is a diagram of a Kerr hysteresis loop in a 
direction perpendicular to a film plane of a BCA subjected 
to heat treatment and a non-BCA not subjected to heat 
treatment in a recording layer in a magneto-optical disk; 

Fig. 7 is a block diagram of a recording and 
reproducing apparatus for a magneto-optical disk; 

Fig. 8 is a diagram of an optical structure of the 
recording and reproducing apparatus for a magneto-optical 
disk; 

Figs. 9A and 9B are trace diagrams of a waveform 
of difference signal of BCA signal and that of addition 
signal when recording current for the disk is 8 A; 



Figs. lOA and lOB are parts of a flowchart of 
reproduction of additional information including signals 
inhibited for output of an optical disk; 

Fig. 11 is a diagram of a system including an 
optical disk drive and a personal computer; 

Fig. 12 is a flowchart of demodulation of MBCA 

signals; 

Fig. 13 is a flowchart of MBCA reproduction; 

Figs. 14A, 14B and 14C are a plan view of an 
optical disk of a second embodiment of the invention, a 
diagram of a waveform of signals of additional information 
on recording and on reproduction, and a plan view of another 
optical disk; 

Fig. 15 is a diagram of a reproduction circuit 
for BCA data; 

Fig. 16A, 16B and 16C are graphs of reproduction 
signal, converter input signal and binarized signal in the 
reproduction circuit; and 

Fig, 17 is a graph of BCA modulation noises 
plotted against cut-off frequency of a low-pass filter. 

Fig. 18 is a block diagram of a disk production 
section in an apparatus for reproducing an optical disk; 

Fig. 19 is a ' block diagram of an apparatus for 
manufacturing a disk of a contents provider and a 
reproducing apparatus of a system operator; 



Fig. 20 is a block diagram of a recording and 
reproducing apparatus for an optical disk; 

Fig. 21 is a block diagram of an entire re- 
transmission apparatus and a reproducing apparatus of a 
system operator; 

Figs. 22A - 22H are diagrams of waveforms in time 
axis and in frequency axis of original signals and image 
signals; 

Fig. 23 is a block diagram of a receiver of a user 
and a transmitter of a system operator; and 

Fig. 24 is a block diagram of a watermark detector 
of an optical disk. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

j^^^ rring — now to ttie drawings - whLa^i^4ja 

reference characters designate like or correspondi;;tg parts 
throughout the several views, the inven;t*on will be 
explained below in detail with refer^^r^ to embodiments. 
First, a structure of an cptic^a disk according to an 
embodiment of the present inverfvtion will be explained. Fig. 
lA is a plan view of the/<5ptical disk. The optical disk 100 
includes a . ., main information area for recording main 
information llp^and an additional information area for 
recording ^<l^itipnal information 101. The main information 
area ha^ a leadrin area and a TOG area (not shown) as in 
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prior art optical disks. When data are recoa^ded or 
reproduced, the lead-in area is focused on, and< after the 
reproduction becomes possible, the control data/ (TOO 103 of 
the main information are reproduced from the /toC area. The 
5 control data are formed, for example, as p^ signals. The 
additional information area is located at/ a predetermined 
area in the inner peripheral portion of /the optical disk, 
but it may be located at a predetermined area in the outer 
peripheral portion thereof. The addi/tional information is 
10 formed as marks of stripes longer /n the radial direction 
(similar to a bar code) and visij2<U for naked eye. The main 
information is data (contents/ recorded or reproduced by a 
user, for example, comprefesed video signal of a moving 
picture. The additional ydata are not directly necessary for 
15 recording or reproducicfg the main information, and the main 
information can be Recorded or reproduced even when the 
additional information is not recorded. The additional 
information is yQata such as a serial number which is 
recorded when /the optical disk is fabricated, and it can 
20 include management information which can be used for 
copyright / protection such as prohibition of copy or 
prevention of illegal use of a software. As will be 
expla/n(?d later, a part of the additional information may 
hav/d^ta tb.be inhibited to be outputted from a recording 
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As shown in Fig. IB, the control data 103 in the 
main information in the TOC area in the optical disk 
includes data on the additional data. The data includes a 
stripe data identifier 104, a stripe recording capacity, an 
additional stripe data identifier 105, and a stripe back 
side identifier 106. 

Hte— ybr- ipe jjtiild idt:^iiLl ' £lt:ii 104 sh o wo thu exiotcnoo 
of additional >i{iormation. When an optical disk is 
reproduced, JeJy reproducing the TOC, it is decided according 
to the s^ipe data identifier 104 whether additional data 
(strijfes) are recorded or not, so that the additional data 
]s .p^ can bti leproduced - curGty 

■Tite — addilional — sLiipe — daLa — j dontifior — 3r©€ — s^;6ws- 
the existence of a part of additional information add^ at a 
later time. Because the additional stripe data >identif ier 
105 and the stripe recording capacity are r^orded, when 
additional information 101 at the first J^imming time is 
already recorded, the maximum capacity wlUch can be recorded 
for additional .information 107 at ti(e second trimming time 
can be calculated. Then, when/a recorder for additional 
information records addition^ information 107 at the second 
trimming time according/ to the TOC data, the maximum 
capacity thereof canyl^ decided. Thus, it can be prevented 
that recording is performed over 360° to destroy the 
additional information 101 recorded at the first trimming 



time. As shown in Fig. lA^,^.H5y providing a space 108 equal 
to or larger than op^^ Crame of pit signals between the 
additional inf^rfnation 101 recorded in the first trimming 
time and >rfCat 107 recorded in the second one, it can be 
that the previous additional information is 
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Ttrs — stripe — toa^j? — a i d^ — Id^hLilitii — ire^ — g - hows — ' 
existence of additional inforiu^^on recorded . at the back 
side of the optical disk. y/By using the identifier, the 
barcode-like additional i^nformation 101 can be reproduced 
surely even for an oojzo^cal disk of double side type such as 
DVD. Further, data^ can be read from the back side when the 
stripes of the/ additional data extend through the two 
reflecting fi^ms, it can be decided whether the additional 
informati9a^ is recorded at the back side opposite to a side 
from v^ich data are reproduced. When the additional 
infoCTiation is recorded at the back side of the optical disk, 
recorg± n : g layer at tho back cidu i u i o produccd-r 

Further, when an addition times identifier (not 
shown) is recorded, data can be discriminated between the 
stripes or additional information 101 at the first time and 
those 107 at the second time. Therefore, additional 
recording becomes impossible. 

Mext^ g format s tructi^Q of additiona.1 i nformR 4 U :.ocu 
is explained. Fig. 2 showed physical format of additional 
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information provided as MBCA signals in an optical dydc. 
The MBCA signals include control data 111. The control/data 
111 is set as 4-byte synchronization code. If the ^nortest 
recording period is set to 30 and the largest /radius is 

5 set to 23.5 im, the memory capacity of tha^ additional 
information is limited to 188 bytes or less after formatting. 
An identifier in the control data 111 disotiminates a case 
(A) when all the MBCA data 113 can ba^ reproduced to be 
outputted, and a case (B) v;hen an info/mation 112 inhibited 
10 to be outputted on reproduction is i/hcluded. Thus, it can 
be easily discriminated according/to the control data 111 
included in the additional in/tormation (stripe signals) 
whether the optical disk incLddes signals 112 inhibited to 
be outputted from a recording and reproducing apparatus. If 
15 byte 4 in the control dat/ is "00000000", all the additional 
information can be Reproduced and outputted from the 
recording and reprxSducing apparatus, while if it is 
"00000010", 28-by1zfe additional information 112 among the 
188-byte additional information is inhibited to be outputted 
2 0 from the reco/ding and reproducing apparatus. Further, the 
data 112 ay^ recorded as ciphered data. Therefore, only the 
remaining^ 144-byte data 113 can be outputted to the external. 
A reproducing apparatus of optical disk set a protective 
safety mode for recorded information in the optical disk, as 
25 wi/l be explained later. Thus, by using the ciphered 
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information 112 inhibited to be outgpS^d on reproduction, 
an optical disk and a reprodjxTing apparatus therefor can 
protect files and prej^efvt illegal copies according to 
additional inf ormaJ>aron . Then, the protection and access 
right of mana^^ent information of a person, a company or 
the like stB.xi be enhanced very much, and information such as 
data/Tiles can be protected, for example, by preventing 
outflovr of information, — 

m c oncrGto - , Hre d^pfra rt2 inhiblLed be Jja. 

outputted from a recordij2r§ and reproducing apparatus 
includes a part of identification (ID) information of the 
disk, a part of o^hered ID information, a part of 
information on a secret key for deciphering the ciphered ID 
information or/a key for descrambling the main information 
based on lE/information. Because a user cannot reproduce a 
part of/ the additional information, illegal processing or 
inte;i^olation of the additional information such as MBCA 
tQ bocomo difficult - ^ 

Next, an operation for an optical disk having the 
above-mentioned structure is explained below. For an 
optical disk having the recording layer as a perpendicular 
magnetization layer having magneto-optical effect, recording 
and erasing are performed by heating the recording layer 
locally with a' laser beam to a temperature above the 
compensatipn temperature having a low coercive force, or 
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above a temperature around the Curie temperature in order to 
decrease the coercive force of the recording layer around 
the irradiated portion, and by magnetizing it in a direction 
of the external magnetic field. (That is, information is 
5 recorded with so-called " thermo-magnetic recording",) 
Reproduction of the recorded signal is performed by heating 
the recording layer locally with a laser beam having a 
smaller intensity than the counterpart on recording or on 
erasing, and a rotation in the polarization plane of the 

10 reflecting or transmitting light according to the direction 
of magnetization is detected with an analyzer as a change in 
optical intensity. The rotation is caused by a magneto- 
optical effect such as Kerr effect or Faraday effect. In 
this case, in order to realize high density recording by 

15 decreasing interference between reverse magnetizations, a 
magnetic material - having perpendicular anisotropic 
magnetization is used as the recording layer in the optical 
disk. As^ . a material of the recording layer, a material is 
used which can record information by inducing temperature 

20 rise pr chemical change due to light absorption when a laser 
beam is irradiated. On reproduction, a local change in the 
recording layar is detected with a laser beam having an 
intensity or frequency different from that on recording,, and 
a reproduction signal is detected according to the 

25 reflecting or\transmitting light. 



Fig. 3A is a sectional view of a structure of the 
magneto-optical disk. On a disk substrate 131, a recording 
layer is formed via a dielectric layer 132, and the 
recording layer has a three-layer structure consisting of a 
5 reproduction magnetic film 133, an intermediate insulating 
film 134 and a recording magnetic film 135. The recording 
layer comprises a plurality of layered magnetic thin films 
made of different materials or compositions, the thin films 
having exchange coupling or static-magnetic field coupling 

10 between them. In this structure, a reproduction signal is 
detected by increasing a signal level on reproduction. An 
intermediate dielectric layer 135 and a reflection layer 137 
are formed successively on the recording layer, and an 
overcoat layer 138 is formed further thereon. In the 

15 recording layer, a plurality of BCAs 120a and 120b are 
formed along the circumferential direction, BCA (Burst 
Cutting Area) denotes an area where stripe-like marks longer 
in the radial direction are formed (similar to a barcode) . 

Next, a method is explained for producing the 

20 magneto-optical disk. First, a disk substrate 131 having 
guide grooves or prepits for tracking guide is produced with 
injection molding for a polycarbonate resin. Next, a 
dielectric layer 132 of SiN film of thickness 80 nm is 
formed on the disk substrate 131 with reactive sputtering 

25 with a silicon target in an environment including argon and 
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nitrogen gas. A recording layer consists of a reproduction 
magnetic film 133 made of GdFeCo film having Curie 
temperature Tel, compensation composition temperature Tcompl 
and coercive force Hcl, an intermediate insulating film 134 
5 made of SiN film as a nonmagnetic dielectric film and a 
recording magnetic film 135 made of TbFeCo film having Curie 
temperature Tc2 and coercive force Hc2 . On the dielectric 
layer 132, the magnetic films are formed with DC sputtering 
with an alloy target in an argon atmosphere, and the 

10 nonmagnetic dielectric layer is formed with reactive 
sputtering with a silicon target in an environment including 
argon and nitrogen gas. The layers in the recording layer 
are formed successively. Next, an intermediate dielectric 
layer 136 made of SiN film of thickness 2 0 nm is formed on 

15 the recording layer with reactive sputtering with a silicon 
target in an environment including argon and nitrogen gas. 
Next, a reflecting layer 137 made of AlTi film of thickness 
40 nm is formed on the intermediate dielectric layer 136 
with DC sputtering with ' an AlTi target in an argon 

20 atmosphere. Finally, an ultra-violet-rays setting resin is 
applied to the reflecting layer 137 by dropping it on the 
reflecting layer 137 and by rotating it with a spinner at a 
revolution of 3,000 rpm, and it is set with ultra-violet- 
rays to form an overcoat layer 138 of film thickness of 8 pm. 

25 In the recording layer in the magneto-optical disk. 
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the reproduction magnetic film 133 has film thickness of 40 
nm and a composition having Curie temperature Tel of 320 ""C, 
compensation composition temperature Tcomp of 310 ''c and 
magnetic anisotropy in a direction in a film plane at room 
5 temperature. The intermediate insulating film 134 is a 
nonmagnetic SiN film of film thickness of 20 nm. The 
recording magnetic film 135 has film thickness of 50 nm. 
Curie temperature Tc3 of 280 ""C, and coercive force Hc3 at 
room temperature of 18 kOe. 

10 Next, the principle of reproduction in the three- 

layer-structure recording layer is explained with reference 
to Fig. 4. A recording domain 130 of information signal is 
recorded in the recording magnetic film 135. At room 
temperature, the reproduction magnetic film 133 has magnetic 

15 anisotropy along a direction in the film plane, and the 
magnetization in the recording magnetic film 135 is small. 
Then, the static magnetic field from the recording magnetic 
film 135 is remained insulating by the intermediate 
insulating film 134, and the magnetization is not 

20 transferred to the reproduction magnetic film 133. 

Therefore, . when a signal is reproduced, as to a low 
temperature portion 129b in the laser light spot 129a, a 
signal in the ' recording, magnetic film 135 is not transferred 
to the reprpductipn magnetic film 135. However, as to a 

25 high temperature portion 129c in the laser light spot 129a, 
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the temperature of the reproduction magnetic film 133 is 
increased to about the compensation composition temperature, 
and this decreases the magnetization of the reproduction 
magnetic film 133 to induce magnetization in the film normal 
direction. Further, the magnetization of the recording 
magnetic film 135 is increased due to temperature rise, so 
that magnetic coupling due to static magnetic field is 
effective. Thus, the magnetization direction in the 
reproduction magnetic film 133 is transferred in the 
direction of recording magnetic layer 135. Then, the 
recording domain 130 of information signal is masked as to 
the low temperature portion 12 9b in a part of the laser 
light spot 129a. Therefore, the recording signal is 
reproduced only from the high temperature portion 129c in 
the center of the laser light spot 129a, In this 

reproduction method, the static magnetic field is exerted 
through the intermediate insulating film 134 provided 
between the reproduction magnetic film 133 and the recording 
magnetic film 135, and the signal of the recording magnetic 
layer 135 is transferred to the reproduction magnetic film 
133 only from the high temperature portion in the center of 
the light spot 129a. This is a magnetic super-resolution 
method called as "CAD" using static magnetic field, where a 
signal is reproduced only from a central portion having a 
high temperature caused by the laser light spot. By using 



this method, a signal can be reproduced from an area smaller 
than the laser light spot. Reproduction is also possible by 
magnetic super-resolution methods using exchange coupling 
between the magnetic layers, called as "FAD" where a signal 
is reproduced only from a low temperature portion in the 
laser light spot, or called as "RAD", where a signal is 
reproduced only from a high temperature portion in the laser 
light spot. 

-Noxt/ — a - method of rt^uidliig addlLlO ha i liiluiiua Lio j^ 
to the magneto-optical di^ is explained with reference to 
Fig, 5. Fig. 5A is a/^ock diagram of a recording apparatus 
for additional in;&ormation, and Fig. 5B is a diagram of an 
optical strucjmre of the recording apparatus. For the 
compatibili/i^y with a recording and reproducing apparatus for 
a DVD di^k, RZ (Return to Zero) recording method is used for 
recpxding additional information, and the format of 
^n vcuiUlny iDiy i iLilG .. ^100 hero cuiiipaLlbilirfe ^yL^ 

>First^-^,.^Y— ^^s4rft^ — a — magnetization — apparatu c (t>gt^ 

shown) , the direction of the magnetization in the^jp^cording 
layer in the magneto-optical disk is aefranged in one 
direction. Because the recording ma^etic film 135 is a 
perpendicular magnetization f iJ^ift^aving coercive force of 18 
kOe, the intensity of maoHretic field of an electromagnet in 
the magnetization a^^aratus is set to 20 kilogauss. By 
moving the magn^o-optical disk before the magnetization 
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apparatus, the direction of the magnetisation in the 
recording layer can be arranged in one di/ection. A disk 
identification (ID) generated by a seriaX number generator 
408 is inputted to an input section 409/ and the disk ID is 
5 ciphered by a cipher encoder 430 anrcl encoded by an ECC 
encoder 407. Next, it is modulated W a PE-RZ modulator 410 
according to modulation clocks aiyl sent to a laser driver 
411. Next, as shown in the ligbft: condensing section 414 in 
the laser recording device snown in Fig. 5B, a laser 412 

10 such as a YAG laser havincr a high output power and a lens 
417 such as a cylindrical lens for converging the light in a 
direction are used to/converge a laser beam of a stripe-like 
rectangle longer ±p. the radial direction on the recording 
layer, and a pLarality of BCAs 120a and 120b are formed 

15 along circumf ©<rential direction of the disk. As to the 
recorded signals, the BCAs 120a and 120b are detected with a 
BCA^ reader/ (not shown) and subjected to PE {phase encoding) 
decodina<( Then, it is compared with the recorded data, and 
if thy&y agree with each other, the recording of the 

20 additional information is completed. In the magneto-optical 
di^k, a width of fluctuation in reflectance is within 10 %. 
JIQ^prgaf nrp p fnrLLU - , , ranntrnl .■iV i i-] Mna 1 i Vr nr-n r\r\Y nf - fnntndy 

Ne>ct, the principle of reproduction of BCA signals 
or additional information is explained. Fig. 6 shows a Kerr 

25 hysteresis loop in a direction perpendicular to a film plane 



of BCAs 120a, 120b, and non-BCAs 120c, 120d (Fig. 3A) . It 
is found that the Kerr rotation angle and the anisotropy of 
perpendicular magnetization of the BCA 120a subjected to 
heat treatment are deteriorated to a large extent. Because 
5 the BCA 120a has low anisotropy of perpendicular 
magnetization because of the heat treatment with irradiation 
of laser beam (or the magnetic anisotropy in the film plane 
is dominant) / the remnant magnetization vanishes in the film 
normal direction. Then, the magneto-optical recording 

10 cannot be performed, and a detection signal is not outputted. 
However, if a portion other than the BCA in the recording 
layer or the non-BCA is irradiated, because the portion is 
magnetized in the film normal direction, the polarization 
plane of the reflection light is rotated, and a differential 

15 signal of a photodetector (PD) divided into two areas is 
outputted. As shown in Fig. 3B/ a reproduction waveform of 
the additional infonaation can be obtained from the 
differential signal due to the rotation of the polarization 
plane. As explained above, from the BCA reproduction signal/ 

2 0 the signal of additional information of the BCAs can be 
detected with an optical head for recording and reproducing 
a magneto-optical disk. 

By using a BCA trimming device of Matsushita 
Electric Industry, a BCA recording device (CWQ pulse 

25 recording with YAG laser 50 W lamp excitation) , having a 
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structure shown in Fig. 5, BCA signals are recorded actually 
at a recording power of BCA recording for a magneto-optical 
disk from a light-entering side of the disk. 

Next, a recording and reproducing apparatus is 
5 explained with reference to Figs. 7 and 8, For an optical 
disk such as DVD-ROM, DVD-RAM or DVD-R, the structure and 
detection method of reproduction signals are different from 
the optical head shown in Fig. 8, but the basic structure 
and the basic operation of a reproducing apparatus for an 

10 optical disk are common, as shown in Fig. 7. 

Fig. 8 shows an optical structure of a recording 
and reproducing apparatus for a magneto-optical disk. In an 
optical head 155, a laser beam of linear polarization 
emitted from a laser light source 141 is converted by a 

15 collimating lens 142 to become a laser beam of collimated 
light. Only P polarization in the laser beam transmits a 
polarization beam splitter 143, is condensed by an object 
lens 144, to irradiate the recording layer in the magneto- 
optical disk 140. Information of ordinary recording data 

20 (main information) is recorded by partially changing the 
directions (or up and down directions) of magnetization in 
the perpendiqular magnetization film, and the reflecting {or 
transmitting) light from the magneto-optical disk 140 is 
changed as to rotation in the polarization plane according 

25 the magnetization* state due to the magneto-optical effect. 
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The reflecting light with the polarization light with 
rotated polarization plane is reflected by the polarized 
beam splitter 143, and separated by a half mirror 146 in the 
signal reproduction direction and in the focus tracking 
5 control direction. After the light separated in the signal 
reproduction direction is rotated by 45*^ in the polarization 
plane by a A/4 plate 147, the P and S polarization 
components are separated by a polarized beam splitter 148 
along respective propagation directions. The lights 

10 separated in two directions are detected by photodetector s 
149 and 150. Then, the change in rotation in the 

polarization plane is detected as a differential signal of 
the light intensities detected by photodetectors 149 and 150, 
and a reproduction signal of the data information is 

15 obtained from the differential signal. Further, the light 
in the focus tracking control direction separated by a half 
mirror 146 is used by a focus tracking photosensing portion 
153 for focus control and for tracking control. A magnetic 
head 151 is driven by a driver 152. 

2 0 A BCA as additional information in the magneto- 

optical disk is detected with a reproduction method similar 
to the main information. The BCAs 120a, 120b subjected to 
heat treatment are deteriorated on the perpendicular 
magnetic anisotropy to a large extent (refer to hysteresis 

25 loop 12Qa in Fig. 6) . Because the direction of the 
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magnetization in the perpendicular magnetization film is 
arranged in the one direction when the magnetic layer is 
fabricated or the signals are reproduced, the laser beam 
incident on the non-BCAs 120c, 120d having large 
5 perpendicular magnetic anisotropy and not subjected to heat 
treatment is rotated by 8k in a direction to be reflected. 
On the other hand, because the BCAs 120a, 120b subjected to 
heat treatment and having deteriorated perpendicular 
magnetic anisotropy has a very small Kerr rotation angle, 

10 the incid.ent laser beam is reflected without rotated on its 
polarization plane. 

In the recording and reproducing apparatus for a 
magneto-optical disk shown in Fig, 7, as a method for 
arranging the direction of the magnetization in the 

15 perpendicular magnetization film in one direction when the 
BCAs are reproduced, a laser light equal to or larger than 4 
mW is irradiated to heat the recording magnetic film 135 in 
the recording layer in the magneto-optical disk 14 0 above 
the Curie temperature, while a constant magnetic field equal 

20 to or higher than 100 Oe is applied by the magnetic head 151 
to the magneto-optical disk 140. As a result, the 
additional information in the BCAs are detected by a 
differential signal which is similar to that for the main 
information as a change in the polarization direction in the 

25 recording layer. 




28 

In this embodiment, the additional information is 
detected from the differential signal as explained above. 
By using the reproduction method, a component of fluctuation 
of light intensity without light polarization can almost be 
5 cancelled. Then, it is advantageous for decreasing noises 
due to fluctuation of light intensity, 

When the additional information is detected and a 
wavefo2rm photograph is traced, Fig. 9A shows a waveform 
photograph of the differential signal, and Fig. 9B shows 

10 that of the additional signal- As shown in Fig. 9A, it is 
found that a pulse waveform of EGA signals having a 
sufficient amplitude ratio is detected on the differential 
signal. The recording layer is changed only on the magnetic 
characteristics, and when a part of the recording layer is 

15 crystallized, a change in average refractive index is equal 
to or smaller than 5 %, so that a change in the intensity of 
reflecting light from the magneto-optical disk is equal to 
or smaller than 10 %. Therefore, a change in reproduction 
waveform caused by the change in the intensity of reflecting 

20 light is very small. At this time, reproduction waveforms 
as shown in Figs. 9A and 9B are obtained by setting 
recording current of laser light to 8 - 9 A, and a BCA image 
is observed not with an optical microscope, but only with a 
polarization microscope. 

25 In the: above-mentioned embodiment, after the 
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direction of magnetization of the recording magnetic film 
135 in the recording layer is aligned along one direction 
(or magnetized) , BCA signals as additional information are 
recorded, or by using a recording and reproducing apparatus, 
5 a laser light is irradiated to a disk to which BCA signals 
are recorded while applying a magnetic field in a direction. 
It is also possible to align the direction of the 
magnetization of the perpendicular magnetization film in the 
recording layer in a direction. The recording layer 135 in 

10 the magneto-optical disk has coercive force of 18 kOe at 
room temperature- When the temperature is increased to 
100 °C or above by irradiation with a strobe light, a laser 
beam or the like, the coercive force is decreased to 6 kOe 
or less» Then, the direction of magnetization in the 

15 recording layer is aligned in a direction by applying a 
magnetic field equal to or higher than 8 kOe which is larger 
than the counterpart at room temperature. 

In this embodiment, the recording layer has the 
three layer structure consisting of the reproduction 

20 magnetic layer 133, the intermediate insulating film 134 and 
the recording magnetic film 135. However, additional 
information ' pan be recording at least by remarkably 
decreasing the magnetic anisotropy in a direction normal to 
the film plane of a portion in the recording magnetic film 

25 135 subjected^ to heat treatment so that magnetic anisotropy 
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in the plane is dominant. 

Further, a similar effect is obtained even when 
the perpendicular magnetic anisotropy in at least one of the 
reproduction magnetic film 133 and the perpendicular 
magnetic film 135 is deteriorated, or when the perpendicular 
magnetic anisotropy in all the magnetic layers of the 
reproduction magnetic film 133, the intermediate magnetic 
film 134 and the perpendicular magnetic film 135 is 
deteriorated. 

The curie temperature, coercive force and the like 
of the magnetic films in the recording layer can be changed 
easily by selection of composition and addition of various 
elements having different magnitudes of magnetic anisotropy. 
Therefore, according to the recording and reproduction 
conditions to be required for a magneto-optical disk, the 
structure and the fabrication conditions of the recording 
layer in a * magneto-optical disk, and the recording 
conditions of additional information can be set 
appropriately. 

fft — feh^- — abe^ye-i ueii L loued — cpt^al disk, — -ttre — dis -k- 
substrate 131 is made of a p^ycarbonate resin, the 
dielectric layers 132 and 136/are made of a SiN film, and 
the magnetic films are ma;^ of a GdFeCo film, a TbFe film, 
and a . jbFeCo f ilm. Hjsjwever, the disk substrate 131 may be 
made of a glass pr/a plastics such as a polyolefin or PMMA. 
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The dielectric layers 132 and 136 may b^^ade of a different 
nitride film such as AlN, an o^&^cle film such as TaC, a 
chalcogenide film such as 2/>^, or a mixture thereof. The 
magnetic films may made of a f errimagnetic film, 

including a rare/^arth and a transition metal, having 
different mat^^als or a composition, or a magnetic material 
having g^rrpendicular magnetic anisotropy such as MnBi or 
PtCo>^ The structure or the magnetic layer may be a 
LeLL ^-hnvo n i^ Hp nf on ly pr i '^ 1 r i y^r ^"^ ^^ni^i i nym- — structur© -~ 

Pirg^, JrO — Ghows a — -^^OTnrhHrt — erf — a — re pr od ucLlOfrs 

procedure using additionair^ information. When an optical 
disk is inserted {sp^ 302) , focus and tracking are set 
first (step 301a><^ For a normal disk, the lead-in area is 
focused on ^ that the reproduction becomes possible {step 
301b) , apfci the TOC (Control Data) is reproduced (step 301c) . 
When/the lead-in area or the TOC is not reproduced, the flow 
ops - aa an error. 

^ — shovm — iB — Fig. — tBT — in — an apfe3r«al_di&k — of tt^e ^ 
invention, a stripe identifier 104 is recorded in^^^fe^fe TOC in 
the TOC area 103 in the main inf ormati^j>r'''''''"'rTheref ore, when 
the TOC is reproduced, it can bg^-^tlecided that the stripe is 
recorded or not. Thus^^^^^iTt is decided whether the stripe 
identifier 104 i^/0 or 1 (step 301d) . When the stripe 
identifier Ler4 is 0, the optical head moves to the outer 
periphe^ry of the optical disk (step 303), and the rotation 
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phase control is per^^iTfiled to reproduce data in the data 

Tfea — ide nt j^f ieg — — fefee — luo - i -H — ipforiuat ioH — #e*^ — fehre— 
existence of the additional information is detected based on 
a detection signal detected by one yphotodetector or on a sum 
signal of detection signals detected by a plurality of 
photodetectors in the optica^ head. If the existence of the 
additional information yLs determined according to the 
identifier, the optical head is moved to a predetermined 
position in the/^ optical disk where the additional 
information is ^^corded. Thus, the stripes, defects and the 
like in the >additional information can be detected easily. 
Therefore*/ the run-up time of the apparatus can be shortened, 
and the reproduction of the additional information has 
compatibility among optical disks using different 
production luethods ^^ 

When the stripe identifier 104 is 1, it is decided 
for a (double^side disk such as DVD-ROM whether data are 
recorded in a side opposite to a side from which the stripe 
is reproduced, or whether a back side identifier 106 is 1 or 
0 (step 301e) . If the back side identifier 106 is 1, the 
recording layer in the back side is reproduced (step 301p) . 
For a magneto-optical disk of single-side structure, the 
back side identifier 106 is always 0. If the reproducing 
apparatus cannot reproduce the back side of an optical disk 



automatically/ a message of "please instruct back-side 
reproduction" is displayed. When stripes are found to be 
recorded in the side under reproduction at steps 301d and 
301e, the optical head is moved to a region 101 of stripes 
at an inner side in the optical disk, the rotation speed is 
controlled, and the signal 111 in the TOC region of stripes 
are reproduced in CAV (constant angular velocity) rotation 
(step 301f) . 

stripes, if the stripes do nojfe: have a region 112 where the 
output from the recordinc?^ and reproducing apparatus is 
inhibited (step 301g) , ^stripe signals 113' are reproduced 
(step 304a) . Next, yit is decided whether the reproduction 
of the stripe signals 113 is completed or not (step 304b) . 
When the reprjzrduction of the stripe signals 113 is completed, 
the optical head moves to an outer peripheral of the optical 
disk L/Step 304c) , and pit signals added with the stripe 
sigj?i^ls 113 or data of main information are reproduced (step 
^^^^ 

By reproducing signals 111 in the TOC area on 
stripes, if the stripes have the region 112 where the output 
from the recording and reproducing apparatus is inhibited 
(step 301g) , protective safety mode for recording 
information in the disk is started to be set. First, a 
command of protective safety mode is set, and the rem,aining 
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additional information 112, 113 is reproduced (step 301h) . 
If a protective safety mode other than a command which can 
be set is set for an optical disk, an error occurs, and the 
disk reproduction is stopped. 
5 When a command of protective safety mode is set 

and reproduction of additional inform.ation 112, 113 is 
completed {step 301i) , a secret key is detected from an 
enciphered media ID (step 301j). The media ID is a signal 
recorded by ciphering or modulating information and it is 

10 inhibited to be output ted from the recording and reproducing 
apparatus. Therefore, it cannot be reproduced by a user 
when the disk is reproduced. Next, by using the secret key 
or information signals produced by using it, a reproduction 
command on a data file to be protected is set (step 301k) . 

15 If a protective safety mode which cannot be set is 
instructed to be set for the data file in the optical disk, 
the reproduction mode cannot be entered. When the 

reproduction command for a data file to be protected is set, 
decoding of the protected , file is started (step 3011). When 

20 the decoding of the protected file is not completed, the 
above processes from the confirmation of the secret key 
(step 301k) are repeated. If the reproduction command for 
the protected file cannot be set by a predetermined times or 
more, an error occurs, and the reproduction of the disk is 

25 stopped (step 301m) . When the decoding is completed, the 
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file is closed. Then, the protective safety mode is 
canceled (step 301n) , and data of main information other 
than the protected file are allowed to be reproduced. 

When the decoding is not completed (step 301m) , 
5 the above processes are repeated from the setting of 
reproduction command for the data (step 301k) . 

When the reproduction of the stripes or additional 
information 101 is completed and the protective safety mode 
is canceled (step 301n) , the optical head is moved to the 
10 outer periphery of the optical disk (step 303) . Then, and 
the rotation phase control is started again, and data of 
ordinary pit signals and signals of the main information are 
reproduced. 

^ Qj^ As expldiued — abuy^, by — recording — fefee s tripe 

15 identifier 104 in the oj?^ area in TOC or the like, the 
stripes or additional: information 101 can be reproduced 
surely. Further^^/according to the control data 111 included 
in the stripe signals, it is decided easily whether the 
optical cH^k includes the signals 112 which inhibits a part 
20 of the additional information of the stripes to be outputted 

Fig. 11 shows a system comprising an optical disk 
recording and reproducing apparatus and a personal computer. 
An optical disk recording and reproducing apparatus 320 
25 sends information of an optical disk 140 through an 



interface 321 such as a small computer system interface 
(SCSI) to a personal computer 322. The information is 
processed by a central processing unit (CPU) 323 in the 
computer 322 and stored in a memory area 324. The interface 
may also be an interface such as AT attachment packet 
interface (ATAPI) , IEEE 1394 or universal serial bus (USB) 
which can transmit main and additional information. 

^ 5 pno^ eri^ opt > ^oal dick; additi - OR ori' 

information such as BCA signals J^e also reproduced in order 
to determine whether use, pr^ocess, copy or the like of the 
main information is possiJzn.e or not, for processing the main 
information. However^ because all the contents of the 
additional information can be reproduced and sent to a 
computer, even i^ the identification information or the like 
is ciphered, /It may be deciphered. In this embodiment, a 
part of pt^ additional information may include information 
inhibi^d to be outputted and to be used only in the optical 
disX drive. Then, reproduction in such a case is explained 
i ^low. - 

Fig. 12 shows a flow of reproduction of MBCA 
signals as additional information in an optical disk. First, 
in order to reproduce MBCA signals, a MBCA reproduction 
command is received through the interface 321 to the 
computer 322 (step 311a) , Then, the recording and 

reproducing apparatus 320 reads MBCA signals and stores them 



in a memory therein (step 311b) . 

Next, for MBCA signals having a format shown in 
Fig. 2, byte 3 in the control data in the MBCA signals is 
first reproduced (step 311c). If byte 3 is "OOh", the MBCA 
data are all sent (step 311d) , and they are transmitted 
through the interface 321 to the computer 322 (step 31 Ih) , 
so that all the contents of the MBCA signals can be 
confirmed by the personal computer 322 . 

c II bvLe 3 io "02h"/ — the MBCA d ata aie divld - ed injaC 
data which can be transmitted and data inhibited Iro be 
transmitted (step 311e) , and only the data whicK can be 
transmitted are transmitted from the recording and 
reproducing apparatus (step 31 If) and s^t through the 
interface 321 to the computer 322. Orythe other' hand, as to 
the data inhibited to be transmitt^ from the recording and 
reproducing apparatus, they ar^ reproduced in the apparatus 
(step 311g) , but not to b^outputted to the external (step 
311i) . Therefore, ali the contents of the MBCA signals 
cannot be confirm^ in the computer 322, so that the 
additional info^ation such as identification inherent to a 
disk cannojfe^ decoded. Therefore, for an optical disk 
including signals 112 inhibited to be outputted from the 
apparatus in a part of the additional information, a user 
camiot reproduce stripe information 112 on the disk 
identification' (ID) or the secret key, and the main 
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inform ation can be^^p ro^^cCed very strongly for an optical 
(disk ancT ^fo^ a r©<5oi:dln(j -< sind roproduclug apjj jT'iil li I I Im i i JlS g- 

— optica-1 — disJt — i« — roproducod ■ according — fee — t- h^ 
above-mentioned processes, and the decoding operation /is 
explained briefly by using the recording and reproducing 
apparatus for an optical disk shown in Fig. 7. / 
optical disk 140a wherein BCA signals of aaditional 
information are recorded, a stripe identifier lo4 (refer to 
Fig. IB) showing whether BCA exists or not Is recorded in 
the control data 103 in the main information/ For a double- 
side type disk such as a DVD-ROM disk lo/ two transparent 
substrates are laminated so that the siMlal plane is located 
therein. The recording layer 10 may be comprised of a 
single layer, or two layers of reco/ding layers 10a and 10b. 
When the recording layer consist/s of two layers, a stripe 
identifier 104 showing wheth^ a BCA exists or not is 
recorded in the control dat/a in the first recording layer 
10a which is near the optical head 155. In this case, 
because the BCA exists/ in the second recording layer 10b, 
the first r^cordingy/layer 10a is focused first, and the 
optical head 155y/is moved to a radial position of the 
control data exasting at the most inner side in the second 
recording ragion 10b, Because the control data are main 
inf ormatiori/ they are subjected to EEM, 8-15 or 8-15 
modulation. Only when the stripe back side identifier 106 



in the control ^dateii^^^^^-T^ the second recording layer 10b 
is focused bv^a^'^changer 597 for changing between the first 

The signals of main information are sliced by a 
first level slicer 590 with a general first slicirig level 
515 to be converted to digital signals. The digital signals 
are decoded by an EFM decoder 525, an 8-15 decoder 526 or an 
8-16 decoder 527 in the first decoder 528, and they are 
outputted after subjected to error correction in an ECC 
decoder 536. Then, they are processed further in a cipher 
decoder 534a, an MPEG decoder 2 51 and a watermark 
reproduction verifier 262, if necessary. Thus, the control 
data in the main information are reproduced, and only when 
the stripe identifier ^s "1", a BCA is read. If the stripe 
back-side identifier 106 is "1", the CPU 523 instructs the 
changer 5 97 for the first and second layers to drive a focus 
adjuster 598 so as to change the focus from the first 
recording layer 10a to the second one 10b. At the same time, 
the optical head 155 is moved to the radial position of the 
recording region 101 for additional information (a BCA 
recorded between 22.3 and 23.5 mm at the inner peripheral 
side in the control data) in order to read the BCA. 

Tn — a — SCPr, s ignals — homing — — envelope — d^^^sped* 

partially are reproduced, as /shown in the reproduction 
signal in Fig. IC. By set;lrt^ng a second slicing level 516 



having a lower light intensity tlym the first one 515 in the 
second level slicing section 529/ a BCA without no rotation 
of polarization plane of BQK or a BCA without the reflecting 
layer is detected, and >fligital signals are reproduced. The 
5 digital signals are yderaodulated by a PE-RZ demodulator 530a 
and are subjected/to EGC decoding by an ECC decoder 530b to 
be outputted yas BCA data of additional information through 
an output/ section 550. Thus, the main information is 
hS demodu^k^ed and reproduced by the first demodulator 52 8, and 

O 10 the/BCA data as additional information are demodulated and 

ifl ^prodU/Jfejd^ 

ffl However, in the optical disk according to the 

:D embodiment, additional information 112 which is inhibited to 

lU be outputted is not outputted from the second demodulator to 

15 the BCA output section 550, and only the other reproduction 
signals are outputted. 

Next, demodulation for MBCA signals in the 
recording and reproducing apparatus is explained- As shown 
in Fig. 13, reproduction signals of MBCA are reproduced by 
20 PE-RZ demodulation in the second demodulator 530 {step 314a), 
and error code correction (ECC) is performed by an ECC 
decoder 530b (step 314b) . Then, the result is stored in the 
second demodulator 530 (step 314c) . An address counter is 
set for information of MBCA signals according to the control 
25 data 111 of MBCA (step 314d) . In concrete, if byte 3 in the 
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control data 111 is "OOh", the read counter is set to 4, 
while if byte 3 in the control data 111 is "02h", the read 
counter is set to 32, Then, MBCA information at address in 
the read counter and thereafter is reproduced, and it is 
5 outputted from the BCA output section 550 through the 
interface, accompanying video information. As a result/ a 
part of MBCA as additional information is outputted from the 
recording and reproducing apparatus, and it is processed 

Q 

only in the apparatus. The position of the address in the 
Q 10 read counter can be expanded easily by setting the address 

at a different address. 
a;n Fig. 14A is a sectional view for illustrating a 

O structure of an optical disk of a second embodiment of the 

lU invention, A recording layer 313, made of a phase change 

:bp 15 material changeable reversibly between the crystalline and 

amorphous phases, is formed via a dielectric layer 312 on a 
disk substrate 311, Information can be recorded by using a 
difference in optical characteristics between the 
crystalline and amorphous phases due to reversible 
20 structural change' in the atomic level, and it can be 
reproduced as a difference in the intensity of reflected or 
transmitting light at a predetermined wavelength. It is 
preferable that the difference of the reflected light 
between the two phase is equal to or higher than 10 % in 
25 the area for recording the additional information, so that 



reproducing signals can be obtained surely from the 
additional information area. In a BCA in the recording 
layer 313, a plurality of BCAs 310a and 310b are formed 
along the disk circumferential direction. An intermediate 
dielectric layer 314 and a reflection layer 315 are layered 
successively on the recording layer 313, and an overcoat 
layer 316 is formed further thereon. Two disks, among which 
only the first one has the overcoat layer 316, are laminated 
with an adhesive layer 317, Alternatively, two optical 
disks having the same structure may be laminated with a hot 
melt process. As mentioned above, an optical disk has a 
recording layer of a thin film changing reversibly between 
two states which can be detected optically, and it can be 
applied to a DVD-RAM or the like as an exchangeable medium 
to which overwrite is possible at a high density. As the 
phase-change material, a GeSnTe alloy is used in the second 
embodiment. However, any material made of a material which 
changes optically between two states, such as an organic 
material, or a different material which changes the phase or 
a different material which changes the structure. 

■ FurthQr-7 Fig. 1 - 4 G — s^tot^S — a — ctiref^ireTrt trypH — 

optical disk in contrast to th^ lamination type disk shown 
in Fig» i4A. A dielectr;ifc layer 232 is formed on a 
substrate 231/ and A phas^-change type recording layer 260 
of thickness 10 nm is ytormed between the dielectric layer 
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232 of thickness 100 ninsji€i''"an intermediate dielectric layer 
236 of thicknes^^^TO nm. Farther, a reflection layer 237 is 
formed. JVs to a DVD-RAM or a DVD-RW, a siibstrate 231a and 
• an ^ddic s^^v ^ lay u j- 230a i;: addodi 
5 When BCA data are recorded in an optical disk 

having a recording layer made of a phase-change material 
changeable reversibly between the crystalline and amorphous 
phases according to radiation conditions of laser beam, 
barcode portions in the barcode-like pattern is made of the 

10 amorphous phase, while the remaining portions between the . 
barcode portions are made of the crystalline phase. 

When a recording layer is formed on a disk 
substrate, the recording layer of low reflectivity is formed 
first in the amorphous phase. Then, by irradiating the 

15 recording layer with a laser beam, portions between barcode 
portions are changed to crystalline phase having higher 
reflectivity and the remaining portions having the low 
reflectivity becomes the barcode portions. 

On the other hand, in an optical disk such as DVD- 

2 0 ROM, by generating uneven pits of a reflection film, the 
main information may be recorded and the additional 
information different for each disk or ciphered additional 
information is recorded for output inhibition. If a disk 
identification (ID) to be inhibited to be outputted is 

25 recorded as the additional information without correlation 
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between the disk ID and the ciphered additional information, 
it cannot be guessed from calculation based on disk ID. 
Therefore, it can be prevented that an illegal copier issues 



^ a new ID illegally. 



intoritraTT??! i ,i ',, r^ro r^^^ by 



generating ma^en pits in a reflection film, the additional 
inf orm^^tTion. can be recorded by removing the reflection film 



^ ff^rtially - 
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20 



25 



i^^^TET a mernoc loi pxuduclng — ttre — op I r iGQl diol^^ - piia: 
explained. First, a disk substrate 311 having guide >^ooves 
or prepits for tracking guide is produced by usinjy injection 
molding with a polycarbonate resin. Next, y/a dielectric 
layer 312 of ZnSSiOa film of thickness 80/nm is formed on 
the disk substrate 311 with radio freqj^ency (RF) sputtering 
with a ZnSSi02 target in an argon em/ironment . A recording 
layer 313 made of GeSbTe alloy/^f film thickness 10 nm is 
formed on the dielectric l^er 312 by using RF sputtering 
with a GeSbTe alloy tar^t in argon atmosphere. Next, an 
intermediate dielect^c layer 314 made of ZnSSiOj of 
thickness 10 nm is/formed on the recording layer 313 with RF 
sputtering with^a ZnSSiOj target in an argon environment. 
Next, a reflating layer 315 made of AlCr film of thickness 
40 nm is/fprrned on the intermediate dielectric layer 314 
with DC sputtering with an AlCr target in an argon 
atmosphere. Next, an ultra-violet-rays setting resin is 
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Pby dropping it on the 
it with a spin coater 
. it is set with ultra- 
316 of film thickness 
: is produced. On the 
is produced without 
an adhesive layer 317 
ith hot melt process, 
iisks are laminated to 
• 

Information is recorded to information to the 
recording 313 made of Ge-Sb-Te alloy layer by irradiating a 
laser light condensed to a very small spot to cause a local 
change at the irradiate portion, that is, to generate a 

15 difference in optical characteristics based on reversible 
structure change in atomic level between the crystalline and 
amorphous phases. Further, the recorded information is 
reproduced by detecting a difference in the intensity of 
reflecting or transmitting light at a specified wavelength. 

2 0 Next/ recording of BCA signals to a phase-change 

type optical disk such as a DVD-ROM is explained. The 
recording film as shown in Fig, 14C is in the amorphous 
state called as as-deposited state. The as-deposited state 
usually has a low reflectivity, though it depends on the 

25 optical design of the film. This as-deposited state of 



phase-change type optical disk is crystallized when melted 
by irradiation with a laser beam and has a high reflectivity- 
Practically, after the as-deposited film is formed, an 
optical disk is irradiated on the whole plane to make the 
5 film crystallized or to have a high reflectivity, because 
information such as address and track necessary for 
recording is read easily if the film has a high reflectivity. 
This step is called as initialization. Then, the disk is 
delivered from the factory. 

10 There are two processes for recording BCA . signals 

in a phase-change type optical disk. In the first process, 
a region of crystalline phase is irradiated with a laser 
beam generated by a high output power laser diode such as a 
YAG laser, similarly to a magneto-optical recording medium. 

15 The temperature of a portion irradiated with the laser beam 
is increased, and the crystalline phase having a high 
reflectivity is changed to the amorphous phase having a low 
reflectivity. By increasing the laser power further, a part 
of the recording layer or the reflecting layer is melted or 

20 sublimed, so that the reflectivity of the irradiated portion 
becomes lower than the other portion. Thus, portions having 
the high reflectivity and other portions having the low 
ref Ifctivity are formed. By using an optical head in a DVD 
drive, BCA reproduction signals as shown in Fig. IC are 

25 reproduced. ' 
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In the second process, by providing inverted 
recording signals as shown in Fig. IC, a laser beam does not 
irradiate the BCA stripe portions, so that the film is 
remained in the as-deposited film. On the other hand, the 
5 non-stripe portions are irradiated with the laser beam to be 
changed to the crystalline state or to ha\\;j high 
reflectivity. Then, as shown in Fig, IC, the reproduction 
signals has low signal levels at the BCA stripe portions. 
Thus, the steps are simplified in the second process because 

10 BCA signals can be recorded only by turning on or off the 
laser irradiation.. 

Next, the range of . BCA signals acceptable for 
reproduction is explained. Fig. 15 shows a structure of a 
reproducing circuit of BCA signals. BCA signals are 

15 recorded with superposition on emboss pits. Therefore, as 
shown in Fig. 16A, the reproduction signals from the optical 
head has high frequency noises due to the emboss pits. The 
high frequency noises are removed by a low pass filter 161 
of cut-off frequency fc of 1.2 MHz and amplified and 

20 inverted by an amplifier 162. Low frequency noises due to 
decentering are removed from the obtained signals by a high 
pass filter 163 of cut-off frequency fc of 14 kHz. A second 
slicing level, is generated by having an average output of 
the peak Values of BCA signals. A comparator 165 compares 

2 5 the reproduction signals of BCA signals with the second 
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slicing level, as shown in Fig, 16B, and a binarized data as 
shown in Fig. 16C is outputted. Thus, the BCA signals are 
^ reproduced. 

6 ^ ^ ^^^^ K!j mentioned — abov e / — feba — cut-off — fx ^ufiioncy 'jfc — 

the low pass filter 161 is set to 1-2 MHz. Fig. \7I shows 
modulation noises when BCA signals are recording icr a phase- 
change type DVD-RAM disk. lBMjr.ax represents £he maximum 
value or the worst value of the signal of BGA stripe mark 
portions after the LPF 161 for the repiroduction signals 

10 shown in Fig. 16A, while IBM^^ij, represen;^^ the minimum value 
or the worst value of the signal sSt non-BCA stripe mark 
portions. Because, the slicing vmargin on reproduction is 
needed to be 20 % or highe/, the reproducing apparatus 
cannot reproduce the BCA Tsignala unless IBM^a^/ I^M^^^ is 

15 equal to or smaller than/O . 8 . Fig. 17 shows measured values 
of IBM^3j^/ IBM^i^ when/the cut-off frequency of the low-pass 
filter is changed,/ It is found that the ratio becomes equal 
to or smaller i^nan 0.8 when the cut-off frequency is equal 
to or higher/than 1.2 MHz. This condition has an advantage 

2 0 that the BcA ^iy j ialo can be reptroduced otably. 

A recording method of additional information in 
this embodiment is similar to that in the first embodiment 
explained above. That is, by using a high output power 
laser such as a YAG laser and a lens for converging in a 

25 direction such as a cylindrical lens, a laser light having a 
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rectangular, stripe shape is converged on the recording 
layer 313 to form BCAs 310 along the disk circumferential 
direction in a plurality of areas. An optical disk 
according to the embodiment changes its structure due to 
5 excessive crystallization at phase transformation when 
irradiated with a laser light of an output power higher than 
on the recording of main information. Therefore, the BCAs 
310a, 310b can be recorded irreversibly, and the recording 
film 313 is removed by irradiation at a still higher output 
y 10 power. Thus, it is preferable that the BCAs 310a and 310b 

J;^ . can be recorded as an irreversible state of the crystalline 

^■^ state. By recording the BCAs 310a, 310b in this way, the 

intensity of reflecting light is changed between the BCAs 
310a, 310b and the non-BCAs 310c, 310d. Therefore, the 
"2 15 additional information can be reproduced by the optical head 

in a reproducing apparatus for a DVD-ROM. In this case, a 
change in the intensity of reflecting light from an optical 
disk is preferably 10 % or higher. By making a change in 
average refractive index larger by 5% or more, the change in 
20 the intensity of reflecting light can be set to 10 % or 
higher. In the case of DVD-EIAM, similarly to DVD-ROM, by 
making a part of the protection layer or the reflection 
layer defective, it becomes possible to increase a change in 
the intensity of the reflecting light of the signals at the 
25 BCA region to. a predeteirmined value or higher. There is no 
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problem on reliability because the disk has an adhesive 
structure. 

As explained above, the recording apparatus and 
the recording method of additional information in the second 
5 embodiment are similar to the counterparts in the first 
embodiment* However, only the magnetic anisotropy of the 
recording layer is changed in the first embodiment. On the 
other hand, because it is needed in this embodiment to 
change the intensity of reflecting light by a predetermined 

10 value or more, the recording power and the setting of 
recording conditions are different. Even when the recording 
power is set to the same as that for a magneto-optical disk, 
recording may be performed by using out-focus or by 
decreasing the recording power through a filter. 

15 For a high density magneto-optical disk such as 

ASMO, additional information is reproduced by using the 
optical head 155 having the structure shown in Fig. 8. 
Therefore, the structure of the optical head, the detection 
of recording signals and reproduction conditions are 

20 different from the counterparts in this embodiment. However, 
by using the structure wherein an output inhibition area is 
provided in the additional information according to the 
invention, the copyright of the main information in a disk 
can be managed and protected strongly, by using procedures 

25 similar to those shown in the flowchart in the first 



eiubodiment . 

As explained above, for an optical disk such as 
DVD-ROM or DVD-R, other than an overwrite type disk such as 
a magneto-optical disk or a DVD-RAM, by using the control 
data and the ciphered information inhibited to be outputted 
on reproduction in the additional information, an optical 
disk and a recording and reproducing apparatus therefor can 
protect files and prevent illegal copies by using the 
additional information. 

Next, a irteans is explained for actually managing 
and protecting the contents by a contents provider. First, 
a production procedure is explained with reference to Fig. 
18 until a disk having the contents is produced. In a disk 
production section 19, an MPEG encoder 4 divides original 
contents such as a moving picture into blocks and subjects 
them to variable-length coding. Thus, compressed video 
signals with compressed images with MPEG are generated. The 
signals are subjected to scrambling by a cipher encoder 14 
with a cipher key 20 prepared with the BCA signals. The 
compressed video signals subjected to the scrambling are 
recorded as pit signals on a master disk 6 by a master 
production apparatus 5. By using a disk former 7 with the 
master disk 6, a large amount of disk substrates with 
recorded pits are produced. A reflection film made of 
aluminum or the like is formed thereon by^ an apparatus for 
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forming the reflection layer. Then two disk substrates 8, 
8a are laminated. Thus, a laminated disk 10 is completed. 
Further, for a magneto-optical disk, compressed video 
signals after scrambling are recorded as magneto-optical 
signals in the recording layer. For a disk of a single 
plate structure, a disk 140 is completed without adhesion . 
For a DVD-RAM 300, similarly, compressed video signals after 
scrambling are recorded in the recording layer, and two 
disks are laminated by an adhesive apparatus 300 to form a 
laminated disk. For a DVD-RAM 300, two disk structures are 
possible: single type having the recording layer only in a 
single side, and double type having the recording layer in 
the two sides. A DVD-R disk can also be fabricated 
similarly* 

Next, a method of reproduction of a disk by a 
contents provider is explained by recording additional 
information. Fig. 19 shows an apparatus for manufacturing 
disks and a reproducing apparatus therefor, A disk 
manufacturing section 19 produces a laminated disk or a 
single plate disk 10 of ROM or RAM type of the same contents. 
In a disk manufacturing apparatus 21, a BCA recorder 13 
subjects BCA data 16a, 16b, 16c including an identification 
code 12a, 12b, 12c different for each disk PE modulation by 
a PE modulator 17 and performs laser trimming with a YAG 
laser to form BCAs 18a, 18b, 18c similar to circular 
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barcodes on disks 10a, 10b, 10c, . . . The entire disk to 
which the BCA is recorded is referred to as BCA disk 11a, 
lib, 11c. As shown in Fig. 13, the pit section or the 
recording signals are the same for these BCA disks 11a, lib, 
5 11c. However, for each disk, different IDs of 1, 2, 3 are 
ciphered in the BCA 18 as information inhibited to be 
outputted. A contents provider such as a movie company 
stores the different IDs in an ID database 22. At the same 
time, a barcode reader 24 which can read BCA when a 

10 directory is sent reads BCA data, and the location and the 
time of the supply of the disks are stored in the ID 
database. The location shows a particular system operator 
23, such as a CATV company, a broadcasting station or an 
airline company, to which a disk with a particular ID is 

15 supplied. Thus, the ID database records when a disk with a 
particular ID is supplied to a particular system operator. 
Further, by setting the enciphered ID or the information to 
which the output is inhibited on reproduction, a BCA disk 
for a specified usage can be fabricated. Then, illegal copy 

20 can be prevented, and the BCA disk can be traced when a 
large amount of illegal copies are distributed. 

A case where only contents are supplied in CATV or 
the like is explained above. However, contents can be 
protected similarly when a disk wherein BCA signals on 

2 5 recorded contesnts are recorded is sold, When a BCA disk of 
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Fig. 19 is sold to a general user, a recording and 
reproducing apparatus having a similar structure, to that of 
the first embodiment may be used. As shown in the flowchart 
in Fig. 10/ ciphered ID information in the output inhibition 
area in the BCA disk is read, and a secret key is prepared 
in the apparatus, and a protected file is decoded, similarly 
to the recording and reproduction method of the ^ first 
embodiment, so as to protect the copyright of the disk. 

Further, the contents can be managed more surely 
if a secret key is provided through a communication line. 
That is, when a ciphered media ID or the like is reproduced, 
at step 301i in the flowchart in Fig. 10, reproduced 
information is sent through a communication line to the 
contents provider or a management agent of the software. 
Then, the contents provider decodes and verifies the cipher 
of the media ID information. When the disk is found to be a 
normal disk, information on the secret key is provided to 
dissolve scrambling of the contents. By using the 

information on the secret key, the protected file of the 
contents is decoded for reproduction (step 3011) . In this 
case, additional information inherent to each contents such 
as disk JD can always be managed, and illegal use of 
additional information can be discovered easily. 

■ If a media idontifr r^^^'on rTU] Is cipheied su-thatr 
the. disk ID is not correlated to the cipher method 



55 

completely is recorded in a BCA^^,.^i^^^cannot be guessed with 
calculation from the ID^^^^^.>r^t is, only the copyright owner 
knows the relati^jar^hip between the ID and the ciphering 
calculation .^✓^heref ore, it is prevented that a person for 
5 producij>g an illegal copy issues a new ID or a ciphered 
i n^mi n a - tion thoroof ' 1 , 1 1pgi=^1 

Further, for ciphering, spectrum signals can be 
generated from information inherent to a user such as card 
ID for IC card and added to the ID signal 38 in the disk. 

10 In this case, both of media ID and user's personal 
information are needed to be verified, and it becomes more 
difficult to issue illegal ID information. Further, because 
a person having a copyright can confirm both of a 
distributed ID of the software and an ID of the reproducing 

15 apparatus, an illegal copy can be traced more easily. 

As shown in a recording section in a recording and 
reproducing apparatus shown in Fig. 20, when main 
information such as video signals or the like is recorded in 
a disk 14 0 which records BCA, first, BCA signals including a 

20 disk identification (ID) inherent to each optical disk are 
read by the BCA reproduction section 39, and signals 
generated from BCA signals in the additional information are 
superposed as watermarks to convert the video signals, and 
the converted video signals are recorded in a BCA disk 14 0 

25 (10, 300) . A watermark is generated, for example, based on 
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the disk ID. When video signals are reproduced from a BCA 
disk 140 (10, 300) which records the video signals 
superposed with the BCA signals, the BCA signals are first 
read by the BCA reproducing section 39 and detected as IDl 
5 of the disk to be used for generating a secret key. In the 
method for generating a secret key, the key is verified and 
supplied in a recording and reproducing apparatus. The 
verification, generation and supply of a secret key may be 
performed through a communication line by a system operator 

10 or a person who manages a software. 

Next, information inherent to an optical disk 
superposed with video signals is detected as disk ID2 by a 
watermark reproducing section which decodes the watermark. 
A secret key generated from the BCA signals, IDl, is 

15 compared with disk ID2 read from the superposed signals of 
the video signals, and if they do not agree with each other, 
the reproduction of video signals is stopped. As a result, 
video signals cannot be reproduced from a disk wherein 
signals different from the hidden information in the BCA 

2 0 signals are superposed. On the other hand, when they agree 
with each other, by using a decoded key including ID 
information read from the BCA signals, video signals 
superposed with watermarks are descrambled by a descrambler 
31 and outputted as video signals. 

25 When video signals are sent through a 
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comu-onication line by a method explained above, a BCA video 
disk 10a, 10b, 10c including BCA information ciphered by a 
disk production apparatus 21 shown in Fig. 19 is sent to a 
reproducing apparatus 25a, 25b, 25c of a system operator 23a, 
23b, 23c. 

Xfee — operation — £^r- a cy*^^^^^ npn-r-ii-or — i-s — explained - 
with reference to Fig. 21, which shows a re-transmitt^ in 
detail. Further, Figs. 22A - 22K illustrate waveiferms in 
time axis and in frequency axis of the original sagnals and 
each video signals. As shown in Fig. 14, j£ reproducing 
apparatus 25a exclusive for a system operator is provided in 
a re-transmitter 28 provided in a CATV s^tion or the like, 
and a BCA disk 11a supplied from a moyie company or the like 
is set to the reproducing apparatj^ . Main information in 
the reproduced signals by the optical head 29 is reproduced 
by a data reproduction section 30, and descrambled by a 
descrambler 31, the original video signals are extended by 
an MPEG decoder 33 to be/sent to a watermark section 34. In 
the watermark section/34, the original signal shown in Fig. 
22A are received an?Q converted by a frequency converter such 
as fast Fourier ycransform (FFT) from time axis to frequency 
axis. Thus, ya^ frequency spectrum 35a as shown in Fig. 22B 
is obtainec^ The frequency spectrum 35a is mixed by a 
spectrum/mixer 36 with an ID signal which has a spectrum 
shown It), Fig. 22C. As shown in Fig. 22D, the spectrum 35b 
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of the mixed signals is not dif^^ent from the frequency 
spectrum 35a of the originajr signals shown in Fig. 22B. 
That is, the ID signal Ls^ubjected to spectrum dispersion. 
The signal is conver;^^ by an inverse frequency converter 37 
such as IFFT frpm frequency axis to time axis, and signals 
shown in Fi^ 22E not different from the original signals 
(Fig. 22^() are obtained. Because of spectrum dispersion of 
the signal in frequency spectrum, and deterioration of 

■^ ^deu blyu ' alb io Gmal4 :~ 

ifi — eiTS — apparatus ^h u wn in Fig. — ^i-? — v j : tlco — 
signals from the watermark section 34 is sent to an ofutput 
section 42. When a re-transmitter 28 sends compres;^d video 
signals, an MPEG encoder 43 compresses the videp^ signals and 
a scrambler 45 scrambles them with a cipher/key inherent to 
the system operator and a transmitter 46/sends the scrambled 
signals through a network or ra<±ko communication to an 
audience. In this case, info^ation 47 on compression 
parameters such as transmission rate after compression to 
the MPEG signals is sent from an MPEG decoder 33 to an MPEG 
encoder 43, Theref^e, the compression efficiency is 
improved in . real-Jzame encoding. Further, because audio 
signals and compressed audio signals 48 bypass the watermark 
section 34, yrhey are not expanded or compressed, and they 
are not deteriorated/ When the compressed signals are not 
transnwTtted, as-scrambled video output signals 49 are 
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transmitted by a tiJ-efismitter 4 6a. For a screen in an 
airplane or tfefe like, scrambling is not necessary. Thus, 
video s*^als including watermarks are transmitted from a 
d j^sfkll. " 

^ — trtre — appsTStmS — h lliown .in — Farg-r — — 5n — Ll'lhia£^ 
copier may take out video signals from a bus between b^cks 
or by bypassing the watermark section 34. In o/^iar to 
prevent this copying, buses between the descrambi/r 31, the 
MPEG decoder 33 and the watermark section 34/are ciphered 
with a shake-hand scheme by the mutual/ authentication 
sections 32a, 32b, 32c and 32d provided/therein. Signals 
ciphered by the mutual authentication section 32c at the 
transmission side are received by t^e mutual authentication 
section 32d at the receive si/Ge, while the two mutual 
authentication sections 32c and 32d communicate or shake- 
hand with each other. Only when the result of mutual 
authentication is correct/ the mutual authentication section 
32d at the receive sidfe deciphers the cipher signals. The 
situation is simila/^ for the other mutual authentication 
sections 32a and /32b. Therefore, in the embodiment, the 
ciphers cannot / be deciphered as far as the mutual 
authenticatior/is not perfor:med. Therefore, even if digital 
signals are/ taken, out at an intermediate bus, the cipher 
signals a^ not deciphered, and the watermark section 34 are 
not byoassed eventually. Thus, illegal elimination or 
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l^ew-y— a method is oYpI aincd for: (jr^rrfz^r^iii^^ 
38 on the ID information. The BCA data rem?6duced by a BCA 
reproduction section froia a BCA disk l/a are verified on 
signature with a public key sent frc^ the BCA disk 11a or 
the like by a digital signature mai^ching section 40. If the 
verification is not good (NG) y/Uie operation is stopped. If 
OK, because the data are interpolated, the ID itself is 

sent to a watermark d^a generator 41a. ' Then, by using 
ciphered informatiojar signals included in BCA data, watermark 
signals are gen^ated in correspondence to ID signal shown 
in Fig. 2.2,0./ However, the additional information is not 
output ted /outside the drive in a recording and reproducing 
apparatus, the signals cannot be processed or interpolated. 
A s^nal of a secret key may he generated by calculation 
an ID gjLa ui a card - JD in an IC - oard 4jr^. 

As shown in Fig. 23, for illegal copy, video 
signals 49a are recorded in video tapes 56 by a video 
cassette recorder 55, and a large amount of video tapes 56 
of illegal copies are distributed, and the copyright is 
violated. However, by using EGAs of the invention, the 
video signals 49a and video signals 49b reproduced from a 
video tape 56 (refer to Fig. 24) have superposed watermarks. 
Because the watermarks are added in the frequency spectrum, 
they cannot be vanished easily. They are not vanished 



61 



through an ordinary recording and reproduction system. 

A method for detecting watermarks is explained 
with reference to Fig. 24. An illegal copy of a medium such 
as a video tape, a DVD or a laser disk is reproduced by an 
5 apparatus 55a such as a video cassette recorder or a DVD 
player, and the reproduced video signals 49b are received by 
a first input section in a watermark detector 57. Then, 
with a first frequency spectrum converter 59 such as FFT or 
discrete cosine transform (DCT) , a first spectrum 60 as a 
10 frequency spectrum of signals of illegal copy is obtained as 
shown in Fig. 22G. On the other hand, the original contents 
61 are received by a second input section 58a and converted 
to frequency axis by a second frequency converter 59a to 
provide a second spectrum 35a as shown in Fig. 22B. By 
15 obtaining a difference between the first spectrum 60 and the 
second one 35a with a difference calculator 62, a difference 
spectrum signal 63 as shown in Fig. 22H is obtained. The 
difference spectrum signal 63 is sent to an ID detector 64. 
In the ID detector 64, a watermark parameter of ID = n is 
20 taken out from an ID database 22 (step 65} and received 
{step 65a), and the spectrum signals based on the watermark 
parameter are' compared with the difference spectrum signals 
63 (step 65b) , Next, it is decided whether the spectrum 
signals based Qn the watermark parameter agree with the 
25 difference spectrum signals 63 (step 65c) . If they agree 
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with each other, it is decided that ID = n (step 65d) . If 
they do not agree with each other, ID is changed to (n+1) , 
and a watermark parameter of ID = (n+1) is taken out from 
the ID database 22, and the above steps are repeated, and 
the ID of watermarks is detected. If the ID is correct, the 
spectrina of the original signals and that of the above- 
mentioned difference agree with each other as shown in Figs. 
22C and 22H. Then, the ID of watermarks is outputted from 
an output section 66, and a source of the illegal copy 
becomes clear. By identifying the ID of watermarks as 
explained above, the source of contents of pirate disks and 
illegal copies can be traced, and the copyright is protected. 
In this embodiment the watermark portion in the spectrum 
dispersion is used, but similar advantages can also be 
obtained by other watermark methods. 

In cases of a RAM disk 140a such as a DVD-RAM 300 
or a magneto-optical disk 140, a contents provider such as a 
CATV station having a DVD recording and reproducing 
apparatus or a' magneto-optical recording and reproducing 
apparatus, as shown in Fig. 7, sends ciphered scrambled data 
through a communication line to another recording and 
reproducing apparatus of a user with a ciphered ID number of 
BCA as a key, and the scrambled data are recorded once in a 
RAM disk 14pa or a phase-change type RMl in a CATV station 
or the like. 
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In a simplified system, ciphering or scrainbling is 
performed in a recording and reproducing apparatus of a user. 
This is explained briefly. In this case, the recording and 
reproducing apparatus shown in Fig. 7 is operated variously 
5 according to the level of copyright protection for the input 
signals. For the level of copyright protection, three types 
of identifiers, that is, copy free, copy once and never copy, 
are mixed with data or watermarks. For copy free, one 
generation copy is allowed, and for never copy, copying is 
10 inhibited. The three types of identifiers are discriminated 
by detecting watermarks of input signals by the watermark 
reproducing section 263. In the case of copy free 

identifier, recording is performed without scrambling. In 
the case of never copy identifier, the recording inhibition 
15 section 265 is operated to stop recording. In the case of 
copy once identifier, the unique disk identification (ID) is 
read from the BCA, and the input signals are scrambled with 
the disk ID to be recorded in the RAM disk. The recording 
is explained below. 

Birr-s^nr—B CA dat^ arc - jreprodnrpri — f- rom the — op tica -j? 
disk 140a with the pfJ^ical head 29, and they are processed 
by the PE-RZ denx^ciulator 350a and the ECC decoder 530b. The 
obtained BC^data are sent by a BCA output section 550. A 
unique ^efisk ID of say 64 bits (8 bytes) is included in the 
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scrambler 271 in ax'^cording circuit 266 scrambles the 
MPEG video sign^^is by using the disk ID as one of keys. A 
recorder 2>2 including a recording circuit converts the 
scrambi^ video data to record signals for recording in a 
- RjU^^^dibk 14Qa - wiLh an optical hoa dZ:^fe> 

Ja lhen repre ^^^rhH-'-'^-T^ — rs — peae ^ormca ^ on thn — ROT d ^fi^ - 
140a or the phase-change type RAM to which the ccr^^mbled 
signals are recorded, it is a legitimate use- A^shown in 
Fig. 7, the BCA is read, and a secret key is operated from 
the ciphered BCA data obtained from a BCA ou^ut section 550, 
and the data are descrambled by a desc;^^iibler or a cipher 
decoder 534a by using the unique disk/^ID in the BCA data or 
the secret key as a key. Then, MB5^G signals are expanded by 
an MPEG decoder 261 to provide y<^ideo signals. However, when 
the scrambled data in the i(AM disk 140a recorded normally 
are copied in a differen;^^ RAM disk 140b, that is, when the 
disk is used illegal^, the BCA data of the disk are 
different on repro^ction, and a correct key cannot be 
obtained for cane^ling the scrambled data. Therefore, the 
cipher decodeir 534a cannot descramble the data correctly. 
Thus, video/ signals cannot be obtained. Because signals 
copied ir/ the second disk or disks in the second or 
subsequ^t generations of RAM disk cannot be reproduced, the 
copyright of the copy once contents added with the 
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watermarks is protected. As a result„-^he contents are 
recorded or reproduced only from^rtie RAM disk 140a. In the 
case of the DVD-RAM shown^^l^ig. 14A or 14C, recording and 
reproduction are pos^*^ for the one DVD-RAM disk similarly. 
Because the cipllered BCA signals are not outputted from the 
recording/and reproducing apparatus by ciphering the BCAs, 
it l^^mpossible to extract only the BCA data to read or 
tg^angc the aocrot koyi 

— Older — fee — p rotect — tiie — srrrrwR c^-aoai-e — st-rottt 
first, BCA data in the RAM disk 140a of a user sent 
through a communication line to a contents provi^r . Next, 
at the contents provider, the BCA data are/converted to 
watermarks in a watermark recorder 2 64, a<<d video signals 
are embedded and transmitted. At the u^r, the signals are 
recorded in a RAM disk 140a. /yn. reproduction, at a 
watermark reproduction and ideivl^if ication section 2 62, BCA 
data or the like of a reco^<iing permission identifier and 
watermarks are compared wa^h the counterpart obtained by a 
BCA output section 550/ Only if they agree with each other, 
the reproduction d/^ permitted. Thus, the copyright is 
protected more /strongly. In this method, even when a 
digital/analog copy is performed directly from the magneto- 
optical di«4k 14pa to a VCR tape, the watermarks are detected 
by a yatermark reproduction section 23, so that illegal 
digi^l copy can be prevented or detected. In the case of a 



DVD-RAM 30Qa^^^^shov^^^ 7, illegal digital copy can be 

By providing the watermark reproduction section 
263 in a magneto-optical recording and reproducing apparatus 
5 or a DVD recording and reproducing apparatus to add ciphered 
information of "once recordable identifier" to the signals 
received from the contents provider, the software can be 
protected more strongly. Further, if. recording is allowed 
by a recording prevention section 2 65, the recording to a 
10 second disk or an illegal copy is prevented by the recording 
prevention section 265 and a "once recorded identifier" _ 

It is also possible to generate watermarks by a 
watermark recorder 264 on the identifier of "once recorded", 
and an individual disk number of a magneto-optical disk 140a 
15 recorded beforehand in the BCA recorder 120 and to superpose 
the watermarks to the recording signals to be recorded in 
the RAM disk 140a. 

Further, it is also possible that a time 
information input section 2 69 adds date information 
20 permitted by a system operator in a rental shop or the like, 
as the additional information, to a key of the watermarks or 
scrambled data and gives it to the scrambler 271. It is 
also possible to use a synthesized key as a password. When 
the reproducing apparatus reproduces and checks the- date 
2 5 information from the password 271a or from the BCA data and 
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watermarks, it is possible to limit a period when the 
scrambling key can be cancelled, such as "enable time of 
three days". Because the additional information is not 
outputted from a reproducing apparatus, this can be applied 
to a rental disk system including time information. In this 
case, the copy is prevented, the copyright is protected 
surely, and an illegal use is very difficult. 

Further as shown in a recording circuit 2 66 shown 
in Fig. 7, BCA data are used in a part of a cipher key of 
scrambling, and BCA data are used for the additional 
information ciphered primarily and for the additional 
information ciphered secondarily. Then, the watermark 
reproduction section 2 63 checks the both. Then, an illegal 
copy can be prevented more strongly. 
X5 As explained above, in an overwrite optical disk 

such as a magneto-optical disk used in ASMO or a DVD-RAM, by 
using inherent information in the additional information of 
the invention which cannot be outputted, the copyright can 
be protected more strongly by using watermarks and 

2 0 scrambling. 

Further, as to the additional information, the DVD 
disk and the ' magneto-optical disk can be provided to be 
common on the format of information signals and the like. 
Then, according the reproduction procedure of the additional 

25 information shown in the flowchart in Figs. lOA and lOB, as 
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far as the optical disk is a compatible disk, the contents 
can be protected and managed commonly irrespective of the 
type of the optical disk by a recording and reproducing 
apparatus having the same structure. Therefore, an optical 
disk and a recording and reproducing apparatus therefor has 
high reliability on the copyright protection. 

Further, an accounting system for each contents 
such as pay-per-view of video information can be realized in 
this embodiment by combining the transmission of additional 
information inhibited to be output ted for each software or 
contents, information on a secret key from the contents 
provider, in combination with a pay method of a fee from an 
IC card. Further, an accounting system on the use of 
contents can be set for each optical disk, by using the 
additional information inhibited to be outputted of the 
invention - 

- Further, — 1n r\ recnrriing and rGP^odu € wi . nq appar a-fe^:^ 
for a write once optical disk or an overwrite optical disk 
including the additional informat^fon inhibited to be 
outputted, data file of informatioh managed personally are 
ciphered, or data file in a sysjsfem in a company is ciphered 
with indiyidiaal information o/^ an employer. Then, an access 
right to each optical dia/ can be set which is used for 
personal data or .for data file of information in a company. 
Therefore/ a system/ is provided where security of 
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information protected ^^^>te^t specified uses, such as 
information on uefsonal privacy, can be enhanced. It is 
very diffiptllt to access the data file managed and protected 
ac mci(txon^ abovo from t - h r e external * 
5 Further, in a system where ciphered BCA 

information and a secret key are combined in the additional 
information of the invention, when the same signals are 
recorded by superposition in a ROM disk or a RAM disk. Then, 
virtual watermarks can be realized. As a result, by using 
10 the optical disk and the reproducing apparatus according to 
the invention,' video signals outputted from the reproducing 
apparatus are all embedded with watermarks in correspondence 
to ID information issued by a contents provider. In 
contrast to a prior art method of managing information for 
15 each disk, the disk cost and the disk production time can be 
reduced to a large extent . 

In the above embodiments, a DVD-ROM disk or a DVD- 
RAM disk of two-plates lamination type or an optical disk of 
a single plate type is used for explanation. However, 
2 0 according to the invention, the same advantages can be 
obtained generally over disks irrespective of the structure 
of the disk. That is, in different ROM disks, RAM disks or 
DVD-R disks and magneto-optical disks, similar advantage can 
be obtained by reading the explanation with DVD-R disk, DVD- 
25 RAM disk or magneto-optical disk. However, the explanation 



is oiuitted- 

In the above embodiments/ a magneto-optical disk 
having a recording layer of a three-layer structure of CAD 
type is used in the explanation. However, it may also be 
applied to a magneto-optical disk of FAD type, RAD type or 
double mask type where reproduction is possible with 
magnetic super-resolution, a prior art magneto-optical disk, 
or a magneto-optical disk for reproducing data by enlarging 
recording magnetic domains. Further, for a prior art 
optical disk, a DVD-ROM, a DVD-RAM, a DVD-R, or a disk 
having a structure for reading information in a recording 
layer consisting of two or more layers from one side for 
higher recording density, by using the disk structure of 
additional information and the recording and reproduction 
method explained above, the management information for 
software in an optical disk can be recorded easily to the 
additional information. Then, a superior optical disk can 
be provided where a copy of the contents can be prevented. 

The above-mentioned embodiments are explained on 
optical disks. However, the invention can also be applied 
to different recording media such as a magnetic tape, an 
optical tape, a magnetic disk, an optical card, a magnetic 
card, and a semiconductor memory device, and it is obvious 
that they are to be understood as included within the scope 
of the present . invention. 
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Although the present invention has been fully 
described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and 
modifications are to be understood as included within the 
scope of the present invention as defined by the appended 
claims unless they depart therefrom. 



